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(54) TRACKER MODULE

(57) A tracker module (100) includes an integrated
circuit (80) disposed on or in a module substrate (90),
and a plurality of external connection terminals including
afirst external connection terminal and a second external
connection terminal. The integrated circuit (80) includes
a switch included in a pre-regulator circuit (10), a switch
included in a switched-capacitor circuit (20), a switch in-
cluded in a supply modulator (30), a first IC electrode
connected to the first external connection terminal, and
a second IC electrode connected to the second external
connection terminal. The first external connection termi-
nal is connected to a power inductor (L71) that is dis-
posed outside the tracker module (100). The second ex-
ternal connection terminal is an input terminal for a digital
control signal for the supply modulator (30). A distance
between the first external connection terminal and the
first IC electrode is shorter than a distance between the
second external connection terminal and the second IC
electrode.
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Description

Technical Field

[0001] The presentinvention relates to a tracker mod-
ule.

Background Art

[0002] Patent Document 1 discloses a power supply

modulation circuit capable of supplying a power amplifier
(PA) with a power supply voltage that is dynamically ad-
justed over time in accordance with a radio frequency
(RF) signal.

Citation List
Patent Document

[0003] Patent Document 1: United States Patent No.
9,755,672

Summary of Invention
Technical Problem

[0004] In modularization of the power supply modula-
tion circuit (power supply circuit) of Patent Document 1,
it may be impossible to mount all circuit elements includ-
ed in the power supply circuit in one module. In such a
case, characteristics related to the connection between
a circuit component inside the module and a circuit com-
ponent outside the module may deteriorate.

[0005] Accordingly, the present invention provides a
tracker module capable of reducing deterioration of char-
acteristics related to the connection between a circuit
component inside the module and a circuit component
outside the module. Solution to Problem

[0006] A tracker module according to an aspect of the
present invention includes a module substrate, at least
one integrated circuit disposed on or in the module sub-
strate, and a plurality of external connection terminals
including a first external connection terminal and a sec-
ond external connection terminal. The at least one inte-
grated circuit includes at least one switch included in a
pre-regulator circuit configured to convert an input volt-
age into a first voltage by using a power inductor; at least
one switch included in a switched-capacitor circuit con-
figured to generate a plurality of discrete voltages from
the first voltage; at least one switch included in a supply
modulator configured to selectively output, based on a
digital control signal corresponding to an envelope signal,
at least one of the plurality of discrete voltages; a first
integrated circuit terminal connected to the first external
connection terminal; and a second integrated circuit ter-
minal connected to the second external connection ter-
minal. The first external connection terminal is connected
to the power inductor that is disposed outside the tracker
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module. The second external connection terminal is an
input terminal for the digital control signal. A first distance
between the first external connection terminal and the
first integrated circuit terminal is shorter than a second
distance between the second external connection termi-
nal and the second integrated circuit terminal.

[0007] A tracker module according to an aspect of the
present invention includes a module substrate, at least
one integrated circuit disposed on or in the module sub-
strate, and a plurality of external connection terminals
including a first external connection terminal and a sec-
ond external connection terminal. The at least one inte-
grated circuit includes at least one switch included in a
pre-regulator circuit, at least one switch included in a
switched-capacitor circuit, at least one switch included
in a supply modulator, a first integrated circuit terminal
connected to the first external connection terminal, and
a second integrated circuit terminal connected to the sec-
ond external connection terminal. The switched-capaci-
tor circuitincludes a first capacitor having a first electrode
and a second electrode, and a second capacitor having
a third electrode and a fourth electrode. The at least one
switch included in the switched-capacitor circuit includes
a first switch, a second switch, a third switch, a fourth
switch, a fifth switch, a sixth switch, a seventh switch,
and an eighth switch. One terminal of the first switch and
one terminal of the third switch are connected to the first
electrode. One terminal of the second switch and one
terminal of the fourth switch are connected to the second
electrode. One terminal of the fifth switch and one termi-
nal of the seventh switch are connected to the third elec-
trode. One terminal of the sixth switch and one terminal
of the eighth switch are connected to the fourth electrode.
The other terminal of the first switch, the other terminal
of the second switch, the other terminal of the fifth switch,
and the other terminal of the sixth switch are connected
to each other. The other terminal of the third switch is
connected to the other terminal of the seventh switch.
The other terminal of the fourth switch is connected to
the other terminal of the eighth switch. The supply mod-
ulatorincludes an outputterminal. The atleast one switch
included in the supply modulator includes a ninth switch
connected between the output terminal and each of the
other terminal of the first switch, the other terminal of the
second switch, the other terminal of the fifth switch, and
the other terminal of the sixth switch; and a tenth switch
connected between the output terminal and each of the
other terminal of the third switch and the other terminal
of the seventh switch. The pre-regulator circuit includes
an input terminal. The at least one switch included in the
pre-regulator circuitincludes an eleventh switch connect-
ed between the input terminal and one end of a power
inductor, and a twelfth switch connected betweenthe one
end of the power inductor and ground. The other end of
the power inductor is connected to the other terminal of
the first switch, the other terminal of the second switch,
the other terminal of the fifth switch, and the other terminal
of the sixth switch. The first external connection terminal



3 EP 4 412 081 A1 4

is connected to the power inductor that is disposed out-
side the tracker module. The second external connection
terminal is an input terminal for a digital control signal for
the supply modulator. A first distance between the first
external connection terminal and the first integrated cir-
cuit terminal is shorter than a second distance between
the second external connection terminal and the second
integrated circuit terminal.

Advantageous Effects of Invention

[0008] A tracker module according to an aspect of the
present invention is capable of reducing deterioration of
characteristics related to the connection between a circuit
component inside the module and a circuit component
outside the module.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a circuit configuration diagram of a
communication device according to an embodiment.
[Fig. 2] Fig. 2 is a circuit configuration diagram of a
pre-regulator circuit, a switched-capacitor circuit, a
supply modulator, and a filter circuit according to the
embodiment.

[Fig. 3A] Fig. 3Ais a graph illustrating a power supply
voltage supplied by digital envelope tracking.

[Fig. 3B] Fig. 3B is a graph illustrating a power supply
voltage supplied by analog envelope tracking.

[Fig. 4] Fig. 4 is a plan view of a tracker module ac-
cording to an example.

[Fig. 5] Fig. 5 is a plan view of the tracker module
according to the example.

[Fig. 6] Fig. 6 is a sectional view of the tracker module
according to the example.

[Fig. 7]1Fig. 7 is a sectional view of the tracker module
according to the example.

[Fig. 8] Fig. 8 is a sectional view of the tracker module
according to the example.

[Fig. 9] Fig. 9is a sectional view of the tracker module
according to the example.

[Fig. 10] Fig. 10 is a plan view of a plurality of elec-
trodes and a plurality of wiring lines included in the
tracker module according to the example.

[Fig. 11] Fig. 11 is an enlarged plan view of a land
electrode, bump electrodes, and a wiring line con-
necting the land electrode and the bump electrodes
included in the tracker module according to the ex-
ample.

[Fig. 12] Fig. 12 is an enlarged plan view of a land
electrode, bump electrodes, and a wiring line con-
necting the land electrode and the bump electrodes
included in the tracker module according to the ex-
ample.

[Fig. 13] Fig. 13 is an enlarged plan view of a land
electrode, a bump electrode, and a wiring line con-
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necting the land electrode and the bump electrode
included in the tracker module according to the ex-
ample.

[Fig. 14] Fig. 14 is an enlarged plan view of a land
electrode, a bump electrode, and a wiring line con-
necting the land electrode and the bump electrode
included in the tracker module according to the ex-
ample.

Description of Embodiments

[0010] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the draw-
ings. The embodiments described below each illustrate
a general or specific example. The numerical values,
shapes, materials, constituent elements, the arrange-
ment and connection manner of the constituent ele-
ments, and so forth described in the following embodi-
ments are merely examples, and are not intended to limit
the present invention.

[0011] The drawings are schematic diagrams drawn
with emphasis, omission, or ratio adjustment performed
as appropriate in order to illustrate the present invention.
The illustration therein is not necessarily strict, and may
be different from actual shapes, positional relationships,
and ratios. In the drawings, constituent elements that are
substantially the same are denoted by the same refer-
ence numerals, and a repeated description thereof may
be omitted or simplified.

[0012] Inthe drawings referred to below, an x-axis and
a y-axis are axes orthogonal to each other on a plane
parallel to main surfaces of a module substrate. Specif-
ically, in a case where the module substrate has a rec-
tangular shape in plan view, the x-axis is parallel to a first
side of the module substrate, and the y-axis is parallel to
a second side orthogonal to the first side of the module
substrate. A z-axis is an axis perpendicular to the main
surfaces of the module substrate. The positive direction
thereof indicates an upward direction, and the negative
direction thereof indicates a downward direction.

[0013] Regarding the circuit configurations of the
present invention, "connected"” includes not only a direct
connection using a connection terminal and/or a wiring
conductor, but also an electrical connection via another
circuit element. "Connected between A and B" means
connected to both A and B between Aand B, and includes
a series connection to a path connecting A and B and a
parallel connection (shunt connection) between the path
and ground.

[0014] Regarding the disposition of components in the
present invention, "a component is disposed on or in a
substrate" includes that the component is disposed on a
main surface of the substrate and that the component is
disposed in the substrate. "A component is disposed on
a main surface of a substrate" includes not only that the
component is disposed in contact with the main surface
of the substrate but also that the component is disposed
above the main surface without being in contact with the
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main surface (for example, the component is stacked on
another component disposed in contact with the main
surface). "A component is disposed on a main surface
of a substrate" may include that the component is dis-
posed in a recessed portion formed on the main surface.
"A component is disposed in a substrate" includes not
only that the component is encapsulated in the module
substrate but also that the entire component is disposed
between both main surfaces of the substrate but a part
of the component is not covered with the substrate and
that only a part of the component is disposed in the sub-
strate. "In plan view of a module substrate" means that
an object is viewed by orthographic projection on an xy
plane from a z-axis positive side. In addition, terms indi-
cating the relationships between elements, such as "par-
allel" and "perpendicular”, terms indicating the shapes of
elements, such as "rectangular”, and numerical ranges
do not represent only strict meanings, but include sub-
stantially equivalent ranges, for example, an error of
about several percent.

(Embodiment)

[0015] Hereinafter, a tracker module and a communi-
cation device according to an embodiment will be de-
scribed with reference to the drawings.

[1. Circuit configurations of communication device 7 and
power supply circuit 1]

[0016] The circuit configuration of a communication
device 7 according to the present embodiment will be
described with reference to Fig. 1. Fig. 1 is a circuit con-
figuration diagram of the communication device 7 accord-
ing to the present embodiment.

[1.1. Circuit configuration of communication device 7]

[0017] First, the circuit configuration of the communi-
cation device 7 will be described. As illustrated in Fig. 1,
the communication device 7 according to the presentem-
bodiment includes a power supply circuit 1, a power am-
plifier (PA) 2, a filter 3, a PA control circuit 4, a radio
frequency integrated circuit (RFIC) 5, and an antenna 6.
[0018] The power supply circuit 1 is capable of supply-
ing a power supply voltage Vg1 to the PA 2 in a digital
envelope tracking (ET) mode. In the digital ET mode, the
voltage level of the power supply voltage Vg is selected
from among a plurality of discrete voltage levels based
on a digital control signal corresponding to an envelope
signal, and changes with time.

[0019] The envelope signal is a signal indicating the
envelope value of a modulated signal (RF signal). The
envelope value is represented by, for example, the
square root of (12 + Q2). (I, Q) represents a constellation
point herein. The constellation point is a point represent-
ing, on a constellation diagram, a signal modulated by
digital modulation. The details of the digital ET mode will
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be described below with reference to Fig. 3A and Fig. 3B.
[0020] Althoughthe powersupply circuit 1 suppliesone
power supply voltage Vg to the one PA 2 in Fig. 1, the
power supply circuit 1 may supply the same power supply
voltage Vgt to a plurality of PAs. The power supply circuit
1 may be configured to be capable of supplying different
power supply voltages to a plurality of PAs.

[0021] As illustrated in Fig. 1, the power supply circuit
1includes a pre-regulator circuit 10, a switched-capacitor
circuit 20, a supply modulator 30, a filter circuit 40, and
a direct current (DC) power source 50.

[0022] The pre-regulator circuit 10 includes a power
inductor and a switch. The power inductor is an inductor
used to raise and/or lower a DC voltage. The power in-
ductor is disposed in series with a DC path. Alternatively,
the power inductor may be connected between a series
path and ground (disposed in parallel). The pre-regulator
circuit 10 is capable of converting an input voltage into a
first voltage by using the power inductor. Such a pre-
regulator circuit 10 may also be referred to as a magnetic
regulator or a DC-DC converter.

[0023] The switched-capacitor circuit 20 includes a
plurality of capacitors and a plurality of switches, and is
capable of generating, from the first voltage received
from the pre-regulator circuit 10, a plurality of second
voltages as a plurality of discrete voltages each having
a corresponding one of a plurality of discrete voltage lev-
els. The switched-capacitor circuit 20 may also be re-
ferred to as a switched-capacitor voltage balancer.
[0024] The supply modulator 30 is capable of selecting
at least one of the plurality of second voltages generated
by the switched-capacitor circuit 20 and outputting the
selected voltage to the filter circuit 40, based on a digital
control signal corresponding to an envelope signal.
[0025] The filter circuit 40 is capable of filtering a signal
(second voltage) received from the supply modulator 30.
The filter circuit 40 includes, for example, a low pass filter
(LPF) .

[0026] The DC powersource 50 is capable of supplying
a DC voltage to the pre-regulator circuit 10. The DC pow-
er source 50 may be, but is not limited to, a rechargeable
battery, for example.

[0027] The power supply circuit 1 does not necessarily
have to include at least one of the pre-regulator circuit
10, the switched-capacitor circuit 20, the supply modu-
lator 30, the filter circuit 40, and the DC power source
50. For example, the power supply circuit 1 does not nec-
essarily have to include the filter circuit 40 or the DC
power source 50. Any combination of the pre-regulator
circuit 10, the switched-capacitor circuit 20, the supply
modulator 30, and the filter circuit 40 may be integrated
into a single circuit.

[0028] The PA 2is connected between the RFIC 5 and
the filter 3. The PA 2 is capable of receiving the power
supply voltage Vgt from the power supply circuit 1 and
receiving a bias signal from the PA control circuit 4. Ac-
cordingly, the PA 2 is capable of amplifying a transmis-
sion signal of a predetermined band received from the
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RFIC 5.

[0029] The filter 3 is connected between the PA 2 and
the antenna 6. The filter 3 has a passband including the
predetermined band. Accordingly, the filter 3 is capable
of passing the transmission signal of the predetermined
band amplified by the PA 2.

[0030] The PA control circuit 4 is capable of controlling
the PA 2. Specifically, the PA control circuit 4 is capable
of supplying a bias signal to the PA 2.

[0031] TheRFIC5isanexample of a signal processing
circuit that processes an RF signal. Specifically, the RFIC
5 performs signal processing such as up-conversion on
a transmission signal input thereto, and supplies an RF
transmission signal generated through the signal
processing to the PA 2. The RFIC 5 includes a control
unit that controls the power supply circuit 1. Some or all
of the functions of the control unit of the RFIC 5 may be
implemented outside the RFIC 5.

[0032] The antenna 6 transmits the signal of the pre-
determined band input from the PA 2 through the filter 3.
[0033] The predetermined band is a frequency band
for a communication system constructed using the radio
access technology (RAT). The predetermined band is
defined in advance by a standardizing body (for example,
3rd Generation Partnership Project (3GPP, registered
trademark), Institute of Electrical and Electronics Engi-
neers (IEEE), or the like). Examples of the communica-
tion system include a 5th Generation New Radio (5G NR)
system, a Long Term Evolution (LTE) system, and a
Wireless Local Area Network (WLAN) system.

[0034] The circuit configuration of the communication
device 7 illustrated in Fig. 1 is illustrative, and is not re-
strictive. For example, the communication device 7 does
not necessarily have to include the antenna 6. For ex-
ample, the communication device 7 may include a plu-
rality of antennas.

[1.2. Circuit configuration of power supply circuit 1]

[0035] Next, the circuit configurations of the pre-regu-
lator circuit 10, the switched-capacitor circuit 20, the sup-
ply modulator 30, and the filter circuit 40 included in the
power supply circuit 1 will be described with reference to
Fig. 2. Fig. 2 is a circuit configuration diagram of the pre-
regulator circuit 10, the switched-capacitor circuit 20, the
supply modulator 30, and the filter circuit 40 according
to the present embodiment.

[0036] Fig. 2 illustrates exemplary circuit configura-
tions. The pre-regulator circuit 10, the switched-capacitor
circuit 20, the supply modulator 30, and the filter circuit
40 may be mounted by using any one of a wide variety
of circuit packaging methods and circuit techniques.
Thus, the description of the individual circuits provided
below should not be construed in a limiting manner.
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[1.2.1. Circuit configuration of switched-capacitor circuit
20]

[0037] First, the circuit configuration of the switched-
capacitor circuit 20 will be described. As illustrated in Fig.
2, the switched-capacitor circuit 20 includes capacitors
C11to C16, capacitors C10, C20, C30, and C40, switch-
es S11to S14, S21to S24, S31 to S34, and S41 to S44,
and a control terminal 120. Energy and electric charge
are input from the pre-regulator circuit 10 to the switched-
capacitor circuit 20 at nodes N1 to N4 and output from
the switched-capacitor circuit 20 to the supply modulator
30 at the nodes N1 to N4.

[0038] The control terminal 120 is an input terminal for
a digital control signal. More specifically, the control ter-
minal 120is a terminal for receiving a digital control signal
for controlling the switched-capacitor circuit 20. The dig-
ital control signal received via the control terminal 120 is,
for example, a control signal of a source synchronous
scheme in which a data signal and a clock signal are
transmitted, but is not limited thereto. For example, the
digital control signal may be a control signal of a clock
embedded scheme in which a clock is embedded in a
data signal.

[0039] The capacitors C11 to C16 each function as a
flying capacitor (also referred to as a transfer capacitor).
Specifically, the capacitors C11 to C16 are each used to
raise or lower the first voltage supplied from the pre-reg-
ulator circuit 10. More specifically, the capacitors C11 to
C16 cause electric charges to move between the capac-
itors C11 to C16 and the nodes N1 to N4 so that voltages
V1 to V4 (voltages with respect to a ground potential)
satisfying V1:V2:V3:V4 = 1:2:3:4 are maintained at the
four nodes N1 to N4. The voltages V1 to V4 correspond
to the plurality of second voltages each having a corre-
sponding one of a plurality of discrete voltage levels.
[0040] The capacitor C11 has two electrodes. One of
the two electrodes of the capacitor C11 is connected to
one terminal of the switch S11 and one terminal of the
switch S12. The other of the two electrodes of the capac-
itor C11 is connected to one terminal of the switch S21
and one terminal of the switch S22.

[0041] The capacitor C12 is an example of a first ca-
pacitor and has two electrodes (an example of afirst elec-
trode and a second electrode). One of the two electrodes
of the capacitor C12 is connected to the one terminal of
the switch S21 and the one terminal of the switch S22.
The other of the two electrodes of the capacitor C12 is
connected to one terminal of the switch S31 and one
terminal of the switch S32.

[0042] The capacitor C13 has two electrodes. One of
the two electrodes of the capacitor C13 is connected to
the one terminal of the switch S31 and the one terminal
of the switch S32. The other of the two electrodes of the
capacitor C13 is connected to one terminal of the switch
S41 and one terminal of the switch S42.

[0043] The capacitor C14 has two electrodes. One of
the two electrodes of the capacitor C14 is connected to
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one terminal of the switch S13 and one terminal of the
switch S14. The other of the two electrodes of the capac-
itor C14 is connected to one terminal of the switch S23
and one terminal of the switch S24.

[0044] The capacitor C15 is an example of a second
capacitor and has two electrodes (an example of a third
electrode and a fourth electrode). One of the two elec-
trodes of the capacitor C15 is connected to the one ter-
minal of the switch S23 and the one terminal of the switch
S24. The other of the two electrodes of the capacitor C15
is connected to one terminal of the switch S33 and one
terminal of the switch S34.

[0045] The capacitor C16 has two electrodes. One of
the two electrodes of the capacitor C16 is connected to
the one terminal of the switch S33 and the one terminal
of the switch S34. The other of the two electrodes of the
capacitor C16 is connected to one terminal of the switch
S43 and one terminal of the switch S44.

[0046] A set of the capacitors C11 and C14, a set of
the capacitors C12 and C15, and a set of the capacitors
C13 and C16 can each be charged and discharged in a
complementary manner as a result of a first phase and
a second phase being repeated.

[0047] Specifically,inthefirst phase, the switches S12,
S13, S22, S23, S32, S33, S42, and S43 are turned ON.
Accordingly, for example, the one of the two electrodes
of the capacitor C12 is connected to the node N3, the
other of the two electrodes of the capacitor C12 and the
one of the two electrodes of the capacitor C15 are con-
nectedtothe node N2, and the other of the two electrodes
of the capacitor C15 is connected to the node N1.
[0048] On the other hand, in the second phase, the
switches S11, S14, S21, S24, S31, S34, S41, and S44
are turned ON. Accordingly, for example, the one of the
two electrodes of the capacitor C15 is connected to the
node N3, the other of the two electrodes of the capacitor
C15 and the one of the two electrodes of the capacitor
C12 are connected to the node N2, and the other of the
two electrodes of the capacitor C12 is connected to the
node N1.

[0049] As a result of the first phase and the second
phase being repeated, for example, when one of the ca-
pacitors C12 and C15 is charged through the node N2,
the other of the capacitors C12 and C15 can be dis-
charged to the capacitor C30. In short, the capacitors
C12 and C15 can be charged and discharged in a com-
plementary manner.

[0050] Similarly to the set of the capacitors C12 and
C15, the set of the capacitors C11 and C14 and the set
of the capacitors C13 and C16 can each be charged and
discharged in a complementary manner as a result of the
first phase and the second phase being repeated.
[0051] The capacitors C10, C20, C30, and C40 each
function as a smoothing capacitor. Specifically, the ca-
pacitors C10, C20, C30, and C40 are used to hold and
smooth the voltages V1 to V4 at the nodes N1 to N4,
respectively.

[0052] The capacitor C10 is connected between the
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node N1 and ground. Specifically, one of the two elec-
trodes of the capacitor C10 is connected to the node N1.
On the other hand, the other of the two electrodes of the
capacitor C10 is connected to ground.

[0053] The capacitor C20 is connected between the
nodes N2 and N1. Specifically, one of the two electrodes
of the capacitor C20 is connected to the node N2. On the
other hand, the other of the two electrodes of the capac-
itor C20 is connected to the node N1.

[0054] The capacitor C30 is connected between the
nodes N3 and N2. Specifically, one of the two electrodes
of the capacitor C30 is connected to the node N3. On the
other hand, the other of the two electrodes of the capac-
itor C30 is connected to the node N2.

[0055] The capacitor C40 is connected between the
nodes N4 and N3. Specifically, one of the two electrodes
of the capacitor C40 is connected to the node N4. On the
other hand, the other of the two electrodes of the capac-
itor C40 is connected to the node N3.

[0056] The switch S11 is connected between the one
of the two electrodes of the capacitor C11 and the node
N3. Specifically, the one terminal of the switch S11 is
connected to the one of the two electrodes of the capac-
itor C11. On the other hand, the other terminal of the
switch S11 is connected to the node N3.

[0057] The switch S12 is connected between the one
of the two electrodes of the capacitor C11 and the node
N4. Specifically, the one terminal of the switch S12 is
connected to the one of the two electrodes of the capac-
itor C11. On the other hand, the other terminal of the
switch S12 is connected to the node N4.

[0058] The switch S21 is an example of a first switch
and is connected between the one of the two electrodes
of the capacitor C12 and the node N2. Specifically, the
one terminal of the switch S21 is connected to the one
of the two electrodes of the capacitor C12 and the other
of the two electrodes of the capacitor C11. On the other
hand, the other terminal of the switch S21 is connected
to the node N2.

[0059] The switch S22 is an example of a third switch
and is connected between the one of the two electrodes
of the capacitor C12 and the node N3. Specifically, the
one terminal of the switch S22 is connected to the one
of the two electrodes of the capacitor C12 and the other
of the two electrodes of the capacitor C11. On the other
hand, the other terminal of the switch S22 is connected
to the node N3.

[0060] The switch S31 is an example of a fourth switch
and is connected between the other of the two electrodes
of the capacitor C12 and the node N1. Specifically, the
one terminal of the switch S31 is connected to the other
of the two electrodes of the capacitor C12 and the one
of the two electrodes of the capacitor C13. On the other
hand, the other terminal of the switch S31 is connected
to the node N1.

[0061] The switch S32 is an example of a second
switch and is connected between the other of the two
electrodes of the capacitor C12 and the node N2. Spe-



11 EP 4 412 081 A1 12

cifically, the one terminal of the switch S32 is connected
to the other of the two electrodes of the capacitor C12
and the one of the two electrodes of the capacitor C13.
On the other hand, the other terminal of the switch S32
is connected to the node N2. That is, the other terminal
of the switch S32 is connected to the other terminal of
the switch S21.

[0062] The switch S41is connected between the other
of the two electrodes of the capacitor C13 and ground.
Specifically, the one terminal of the switch S41 is con-
nected to the other of the two electrodes of the capacitor
C13. On the other hand, the other terminal of the switch
S41 is connected to ground.

[0063] The switch S42is connected between the other
of the two electrodes of the capacitor C13 and the node
N1. Specifically, the one terminal of the switch S42 is
connected to the other of the two electrodes of the ca-
pacitor C13. On the other hand, the other terminal of the
switch S42 is connected to the node N1. Thatis, the other
terminal of the switch S42 is connected to the other ter-
minal of the switch S31.

[0064] The switch S13 is connected between the one
of the two electrodes of the capacitor C14 and the node
N3. Specifically, the one terminal of the switch S13 is
connected to the one of the two electrodes of the capac-
itor C14. On the other hand, the other terminal of the
switch S13is connected to the node N3. Thatis, the other
terminal of the switch S13 is connected to the other ter-
minal of the switch S11 and the other terminal of the
switch S22.

[0065] The switch S14 is connected between the one
of the two electrodes of the capacitor C14 and the node
N4. Specifically, the one terminal of the switch S14 is
connected to the one of the two electrodes of the capac-
itor C14. On the other hand, the other terminal of the
switch S14 is connected to the node N4. That s, the other
terminal of the switch S14 is connected to the other ter-
minal of the switch S12.

[0066] The switch S23 is an example of a fifth switch
and is connected between the one of the two electrodes
of the capacitor C15 and the node N2. Specifically, the
one terminal of the switch S23 is connected to the one
of the two electrodes of the capacitor C15 and the other
of the two electrodes of the capacitor C14. On the other
hand, the other terminal of the switch S23 is connected
to the node N2. That is, the other terminal of the switch
S23 is connected to the other terminal of the switch S21
and the other terminal of the switch S32.

[0067] The switch S24 is an example of a seventh
switch and is connected between the one of the two elec-
trodes of the capacitor C15 and the node N3. Specifically,
the one terminal of the switch S24 is connected to the
one of the two electrodes of the capacitor C15 and the
other of the two electrodes of the capacitor C14. On the
other hand, the other terminal of the switch S24 is con-
nected to the node N3. That is, the other terminal of the
switch S24 is connected to the other terminal of the switch
S11, the other terminal of the switch S22, and the other
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terminal of the switch S13.

[0068] The switch S33 is an example of an eighth
switch and is connected between the other of the two
electrodes of the capacitor C15 and the node N1. Spe-
cifically, the one terminal of the switch S33 is connected
to the other of the two electrodes of the capacitor C15
and the one of the two electrodes of the capacitor C16.
On the other hand, the other terminal of the switch S33
is connected to the node N1. That is, the other terminal
of the switch S33 is connected to the other terminal of
the switch S31 and the other terminal of the switch S42.
[0069] The switch S34 is an example of a sixth switch
and is connected between the other of the two electrodes
of the capacitor C15 and the node N2. Specifically, the
one terminal of the switch S34 is connected to the other
of the two electrodes of the capacitor C15 and the one
of the two electrodes of the capacitor C16. On the other
hand, the other terminal of the switch S34 is connected
to the node N2. That is, the other terminal of the switch
S34 is connected to the other terminal of the switch S21,
the other terminal of the switch S32, and the other termi-
nal of the switch S23.

[0070] The switch S43 is connected between the other
of the two electrodes of the capacitor C16 and ground.
Specifically, the one terminal of the switch S43 is con-
nected to the other of the two electrodes of the capacitor
C16. On the other hand, the other terminal of the switch
S43 is connected to ground.

[0071] The switch S44 is connected between the other
of the two electrodes of the capacitor C16 and the node
N1. Specifically, the one terminal of the switch S44 is
connected to the other of the two electrodes of the ca-
pacitor C16. On the other hand, the other terminal of the
switch S44 is connected to the node N1. Thatis, the other
terminal of the switch S44 is connected to the other ter-
minal of the switch S31, the other terminal of the switch
S42, and the other terminal of the switch S33.

[0072] A first set of switches including the switches
S12, S13, S22, S23, S32, S33, S42, and S43, and a
second set of switches including the switches S11, S14,
S21, S24, S31, S34, S41, and S44 are turned ON and
OFF in a complementary manner. Specifically, in the first
phase, the switches in the first set are turned ON whereas
the switchesinthe second setare turned OFF. Converse-
ly, in the second phase, the switches in the first set are
turned OFF whereas the switches in the second set are
turned ON.

[0073] For example, in one of the first phase and the
second phase, charging from the capacitors C11 to C13
to the capacitors C10 to C40 is performed, and in the
other of the first phase and the second phase, charging
from the capacitors C14 to C16 to the capacitors C10 to
C40is performed. In other words, because the capacitors
C10 to C40 are constantly charged by the capacitors C11
to C13 or the capacitors C14 to C16, the nodes N1 to N4
are rapidly replenished with electric charges even if cur-
rents rapidly flow from the nodes N1 to N4 to the supply
modulator 30. Thus, potential variations at the nodes N1
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to N4 can be reduced.

[0074] As aresult of operating in the above-described
manner, the switched-capacitor circuit 20 is capable of
maintaining substantially equal voltages across each of
the capacitors C10, C20, C30, and C40. Specifically, the
voltages V1 to V4 (voltages with respect to a ground po-
tential) satisfying V1:V2:V3:V4 = 1:2:3:4 are maintained
at the four nodes labeled V1 to V4. The levels of the
voltages V1 to V4 correspond to a plurality of discrete
voltage levels that can be supplied to the supply modu-
lator 30 by the switched-capacitor circuit 20.

[0075] The voltage ratio V1:V2:V3:V4 is not limited to
1:2:3:4. For example, the voltage ratio V1:V2:V3:V4 may
be 1:2:4:8.

[0076] The configuration of the switched-capacitor cir-
cuit 20 illustrated in Fig. 2 is illustrative, and is not restric-
tive. In Fig. 2, the switched-capacitor circuit 20 is config-
ured to be capable of supplying voltages of four discrete
voltage levels, but the configuration is not limited thereto.
The switched-capacitor circuit 20 may be configured to
be capable of supplying voltages of any number of two
or more discrete voltage levels. For example, in the case
of supplying voltages of two discrete voltage levels, it is
sufficient that the switched-capacitor circuit 20 include at
least the capacitors C12 and C15 and the switches S21
to S24 and S31 to S34.

[1.2.2. Circuit configuration of supply modulator 30]

[0077] Next, the circuit configuration ofthe supply mod-
ulator 30 will be described. As illustrated in Fig. 2, the
supply modulator 30 includes input terminals 131 to 134,
switches S51 to S54, an output terminal 130, and control
terminals 135 and 136.

[0078] Theoutputterminal 130 is connected to the filter
circuit 40. The output terminal 130 is a terminal for sup-
plying the filter circuit 40 with a voltage selected from
among the voltages V1 to V4.

[0079] The input terminals 131 to 134 are connected
to the nodes N4 to N1 of the switched-capacitor circuit
20, respectively. The input terminals 131 to 134 are ter-
minals for receiving the voltages V4 to V1 from the
switched-capacitor circuit 20, respectively.

[0080] The control terminals 135 and 136 are input ter-
minals for digital control signals. That is, the control ter-
minals 135 and 136 are terminals for receiving digital
control signals indicating one of the voltages V1 to V4.
The supply modulator 30 controls ON/OFF of the switch-
es S51 to S54 so as to select the voltage level indicated
by the digital control signals.

[0081] The digital control signals received via the con-
trol terminals 135 and 136 may be two digitally controlled
level (DCL) signals. The two DCL signals are each a 1-
bit signal. The voltages V1 to V4 are each represented
by a combination of two 1-bit signals. For example, V1,
V2, V3, and V4 are represented by "00", "01", "10", and
"11", respectively. A gray code may be used to express
a voltage level.
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[0082] Such aDCL signal does not require a clock sig-
nal, and thus the DCL signal emits less noise and has
higher noise tolerance than a source-synchronous con-
trol signal. Thus, awiring line for transmitting a DCL signal
has a higher tolerance for an increase in wiring length
than a wiring line for transmitting a source-synchronous
control signal.

[0083] Although two DCL signals are used in the
present embodiment, the present invention is not limited
thereto. For example, any number of three or more DCL
signals may be used depending on the number of voltage
levels. The digital control signals are not limited to DCL
signals and may be source-synchronous control signals.
[0084] The switch S51 is connected between the input
terminal 131 and the output terminal 130. Specifically,
the switch S51 has a terminal connected to the input ter-
minal 131 and a terminal connected to the output terminal
130. In this connection configuration, ON/OFF switching
of the switch S51 enables switching between connection
and disconnection between the input terminal 131 and
the output terminal 130.

[0085] The switch S52 is an example of a tenth switch
and is connected between the input terminal 132 and the
output terminal 130. Specifically, the switch S52 has a
terminal connected to the input terminal 132 and a ter-
minal connected to the output terminal 130. In this con-
nection configuration, ON/OFF switching of the switch
S52 enables switching between connection and discon-
nection between the input terminal 132 and the output
terminal 130.

[0086] The switch S53 is an example of a ninth switch
and is connected between the input terminal 133 and the
output terminal 130. Specifically, the switch S53 has a
terminal connected to the input terminal 133 and a ter-
minal connected to the output terminal 130. In this con-
nection configuration, ON/OFF switching of the switch
S53 enables switching between connection and discon-
nection between the input terminal 133 and the output
terminal 130.

[0087] The switch S54 is connected between the input
terminal 134 and the output terminal 130. Specifically,
the switch S54 has a terminal connected to the input ter-
minal 134 and a terminal connected to the output terminal
130. In this connection configuration, ON/OFF switching
of the switch S54 enables switching between connection
and disconnection between the input terminal 134 and
the output terminal 130.

[0088] These switches S51 to S54 are controlled so
as to be exclusively turned ON. In other words, only any
one of the switches S51 to S54 is turned ON, and the
others are turned OFF. Accordingly, the supply modula-
tor 30 is capable of outputting one voltage selected from
among the voltages V1 to V4.

[0089] The configuration of the supply modulator 30
illustrated in Fig. 2 is illustrative, and is not restrictive. In
particular, the switches S51 to S54 may have any con-
figuration aslong as atleastone of the four input terminals
131 to 134 can be selected and connected to the output
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terminal 130. For example, the supply modulator 30 may
further include a switch connected between a set of the
switches S51 to S53 and a set of the switch S54 and the
output terminal 130. For example, the supply modulator
30 may further include a switch connected between a set
of the switches S51 and S52 and a set of the switches
S53 and S54 and the output terminal 130.

[0090] The supply modulator 30 may be configured to
be capable of outputting two or more voltages. In this
case, the supply modulator 30 may further include a nec-
essary number of additional switch sets having the same
configuration as the set of the switches S51 to S54 and
additional output terminals.

[0091] Inacase where voltages oftwo discrete voltage
levels are supplied from the switched-capacitor circuit
20, it is sufficient that the supply modulator 30 include at
least the switches S52 and S53.

[1.2.3. Circuit configuration of pre-regulator circuit 10]

[0092] The configuration of the pre-regulator circuit 10
will be described. As illustrated in Fig. 2, the pre-regulator
circuit 10 includes an input terminal 110, output terminals
111 to 114, inductor connection terminals 115 and 116,
a control terminal 117, switches S61 to S63, S71, and
S72, a power inductor L71, and capacitors C61 to C64.
[0093] The input terminal 110 is an input terminal for
a DC voltage. Specifically, the input terminal 110 is a
terminal for receiving an input voltage from the DC power
source 50.

[0094] The output terminal 111 is an output terminal
for the voltage V4. Specifically, the output terminal 111
is a terminal for supplying the voltage V4 to the switched-
capacitor circuit 20. The outputterminal 111 is connected
to the node N4 of the switched-capacitor circuit 20.
[0095] The output terminal 112 is an output terminal
for the voltage V3. Specifically, the output terminal 112
is a terminal for supplying the voltage V3 to the switched-
capacitor circuit 20. The outputterminal 112 is connected
to the node N3 of the switched-capacitor circuit 20.
[0096] The output terminal 113 is an output terminal
for the voltage V2. Specifically, the output terminal 113
is a terminal for supplying the voltage V2 to the switched-
capacitor circuit 20. The outputterminal 113 is connected
to the node N2 of the switched-capacitor circuit 20.
[0097] The output terminal 114 is an output terminal
for the voltage V1. Specifically, the output terminal 114
is a terminal for supplying the voltage V1 to the switched-
capacitor circuit 20. The outputterminal 114 is connected
to the node N1 of the switched-capacitor circuit 20.
[0098] The inductor connection terminal 115 is con-
nected toone end of the powerinductor L71. The inductor
connection terminal 116 is connected to the other end of
the power inductor L71.

[0099] The control terminal 117 is an input terminal for
a digital control signal. Specifically, the control terminal
117 is a terminal for receiving a digital control signal for
controlling the pre-regulator circuit 10. The digital control
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signal received via the control terminal 117 is, for exam-
ple, a control signal of a source synchronous scheme in
which a data signal and a clock signal are transmitted,
but is not limited thereto. For example, the digital control
signal may be a control signal of a clock embedded
scheme in which a clock is embedded in a data signal.
The control terminal 117 may be integrated with the con-
trol terminal 120.

[0100] The switch S71 is an example of an eleventh
switch and is connected between the input terminal 110
and the one end of the power inductor L71. Specifically,
the switch S71 has a terminal connected to the input ter-
minal 110, and a terminal connected to the one end of
the power inductor L71 via the inductor connection ter-
minal 115. In this connection configuration, ON/OFF
switching of the switch S71 enables switching between
connection and disconnection between the inputterminal
110 and the one end of the power inductor L71.

[0101] The switch S72isanexample of a twelfth switch
and is connected between the one end of the power in-
ductor L71 and ground. Specifically, the switch S72 has
aterminal connected to the one end of the power inductor
L71 via the inductor connection terminal 115, and a ter-
minal connected to ground. In this connection configura-
tion, ON/OFF switching of the switch S72 enables switch-
ing between connection and disconnection between the
one end of the power inductor L71 and ground.

[0102] The switch S61 is connected between the other
end of the power inductor L71 and the output terminal
111. Specifically, the switch S61 has a terminal connect-
ed to the other end of power inductor L71, and a terminal
connected to the output terminal 111. In this connection
configuration, ON/OFF switching of the switch S61 ena-
bles switching between connection and disconnection
between the other end of the power inductor L71 and the
output terminal 111.

[0103] The switch S62 is connected between the other
end of the power inductor L71 and the output terminal
112. Specifically, the switch S62 has a terminal connect-
ed to the other end of power inductor L71, and a terminal
connected to the output terminal 112. In this connection
configuration, ON/OFF switching of the switch S62 ena-
bles switching between connection and disconnection
between the other end of the power inductor L71 and the
output terminal 112.

[0104] The switch S63 is connected between the other
end of the power inductor L71 and the output terminal
113. Specifically, the switch S63 has a terminal connect-
ed to the other end of power inductor L71, and a terminal
connected to the output terminal 113. In this connection
configuration, ON/OFF switching of the switch S63 ena-
bles switching between connection and disconnection
between the other end of the power inductor L71 and the
output terminal 113.

[0105] One of the two electrodes of the capacitor C61
is connected to the switch S61 and the output terminal
111. The other of the two electrodes of the capacitor C61
is connected to the switch S62, the output terminal 112,
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and one of the two electrodes of the capacitor C62.
[0106] The one of the two electrodes of the capacitor
C62 is connected to the switch S62, the output terminal
112, and the other of the two electrodes of the capacitor
C61. The other of the two electrodes of the capacitor C62
is connected to a path connecting the switch S63, the
output terminal 113, and one of the two electrodes of the
capacitor C63.

[0107] The one of the two electrodes of the capacitor
C63 is connected to the switch S63, the output terminal
113, and the other of the two electrodes of the capacitor
C62. The other of the two electrodes of the capacitor C63
is connected to the output terminal 114 and one of the
two electrodes of the capacitor C64.

[0108] The one of the two electrodes of the capacitor
C64 is connected to the output terminal 114 and the other
of the two electrodes of the capacitor C63. The other of
the two electrodes of the capacitor C64 is connected to
ground.

[0109] The switches S61 to S63 are controlled so as
to be exclusively turned ON. In other words, only any one
of the switches S61 to S63 is turned ON, and the others
are turned OFF. Turning ON of only any one of the switch-
es S61 to S63 enables the pre-regulator circuit 10 to
change the voltage to be supplied to the switched-capac-
itor circuit 20 atthe voltage levels of the voltages V2 to V4.
[0110] The pre-regulator circuit 10 configured as de-
scribed above is capable of supplying electric charge to
the switched-capacitor circuit 20 via at least one of the
output terminals 111 to 113.

[0111] In a case where an input voltage is converted
into one first voltage, it is sufficient that the pre-regulator
circuit 10 include at least the switches S71 and S72 and
the power inductor L71.

[1.2.4. Circuit configuration of filter circuit 40]

[0112] Next, the circuit configuration of the filter circuit
40 will be described. Asillustrated in Fig. 2, thefilter circuit
40 is a resistor-inductor-capacitor (RLC) circuit, and in-
cludes inductors L51 to L53, capacitors C51 and C52, a
resistor R51, an input terminal 140, and an output termi-
nal 141.

[0113] The input terminal 140 is an input terminal for
a voltage selected by the supply modulator 30. Specifi-
cally, the input terminal 140 is a terminal for receiving a
voltage selected from among the plurality of voltages V1
to V4.

[0114] The output terminal 141 is an output terminal
for the power supply voltage Vgr. Specifically, the output
terminal 141 is a terminal for supplying the power supply
voltage Vgt to the PA 2.

[0115] The inductors L51 to L53, the capacitors C51
and C52, and the resistor R51 constitute a low passfilter.
Accordingly, the filter circuit 40 is capable of reducing RF
components included in the power supply voltage. For
example, when the predetermined band is a frequency
band for frequency division duplex (FDD), the filter circuit
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40 is configured to reduce frequency components of a
gap between an uplink operating band and a downlink
operating band of the predetermined band.

[0116] The configuration of the filter circuit 40 illustrat-
ed in Fig. 2 is illustrative, and is not restrictive. For ex-
ample, the filter circuit 40 does not necessarily have to
include the inductor L53 or the resistor R51. Forexample,
the filter circuit 40 may include an inductor connected to
one of the two electrodes of the capacitor C51, and may
include an inductor connected to one of the two elec-
trodes of the capacitor C52.

[2. Description of digital ET mode]

[0117] The digital ET mode will be described with ref-
erence to Fig. 3A and Fig. 3B in comparison with a con-
ventional ET mode (hereinafter referred to as an analog
ET mode). Fig. 3A is a graph illustrating an example of
transition of a power supply voltage in the digital ET
mode. Fig. 3B is a graph illustrating an example of tran-
sition of a power supply voltage in the analog ET mode.
In Fig. 3A and Fig. 3B, the horizontal axis represents
time, and the vertical axis represents voltage. A thick
solid line represents a power supply voltage, and a thin
solid line (waveform) represents a modulated signal.
[0118] In the digital ET mode, as illustrated in Fig. 3A,
the power supply voltage is varied to a plurality of discrete
voltage levels within one frame to track the envelope of
the modulated signal. As a result, the power supply volt-
age signal forms a rectangular wave. In the digital ET
mode, a power supply voltage level is selected or set
from among a plurality of discrete voltage levels, based
on an envelope signal.

[0119] A frame means a unit constituting an RF signal
(modulated signal). For example, in 5G NR and LTE, a
frame includes 10 subframes, each subframe includes a
plurality of slots, and each slot is composed of a plurality
of symbols. The subframe has a length of 1 ms, and the
frame has a length of 10 ms.

[0120] Inthe analog ET mode, asillustrated in Fig. 3B,
the power supply voltage is continuously varied to track
the envelope of the modulated signal. In the analog ET
mode, the power supply voltage is determined based on
an envelope signal. In the analog ET mode, when the
envelope of the modulated signal changes at a high
speed, it is difficult for the power supply voltage to track
the envelope.

[3. Disposition of components of tracker module 100]

[0121] A tracker module 100 equipped with the pre-
regulator circuit 10 (except for the power inductor L71),
the switched-capacitor circuit 20, the supply modulator
30, and thefilter circuit 40 will be described as an example
of the power supply circuit 1 having the above-described
configuration, with reference to Fig. 4 to Fig. 9. The power
inductor L71 included in the pre-regulator circuit 10 is not
included in the tracker module 100.
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[0122] Fig. 4 is a plan view of the tracker module 100
according to the present example. Fig. 5 is a plan view
of the tracker module 100 according to the present ex-
ample, in which a main surface 90b side of a module
substrate 90 is seen through from the positive side of the
z-axis. Fig. 6 to Fig. 9 are each a sectional view of the
tracker module 100 according to the present example.
The sections of the tracker module 100 in Fig. 6 to Fig.
9 are sections taken along the line VI-VI, the line VII-VII,
the line VIII-VIII, and the line IX-IX in Fig. 4 and Fig. 5,
respectively.

[0123] InFig. 4 and Fig. 5, the power inductor L71 out-
side the tracker module 100 is indicated by a broken line.
The expression "outside the tracker module 100" means
that the component is not disposed on or in the module
substrate 90. That is, the power inductor L71 is not dis-
posed on or in the module substrate 90 but is disposed
on or in, for example, the same motherboard as that of
the tracker module 100.

[0124] In Fig. 4 to Fig. 9, the illustration of some of
wiring lines connecting a plurality of circuit components
disposed on or in the module substrate 90 is omitted. In
Fig. 4, the illustration of a resin member 91 covering the
plurality of circuit components is omitted. In Fig. 4, the
blocks not denoted by reference signs represent optional
circuit components that are not essential to the present
invention.

[0125] The tracker module 100 includes the module
substrate 90, the resin member 91, and a plurality of land
electrodes 150, in addition to the plurality of circuit com-
ponents including active elements and passive elements
(except for the power inductor L71) included in the pre-
regulator circuit 10, the switched-capacitor circuit 20, the
supply modulator 30, and the filter circuit 40 illustrated in
Fig. 2.

[0126] The module substrate 90 has a main surface
90a and the main surface 90b opposed to each other.
The module substrate 90 includes a wiring layer, via-
conductors, a ground plane, and so forth formed therein.
In Fig. 4 and Fig. 5, the module substrate 90 has a rec-
tangular shape in plan view, but the shape is not limited
thereto.

[0127] The module substrate 90 may be, butis not lim-
ited to, a low temperature co-fired ceramics (LTCC) sub-
strate or a high temperature co-fired ceramics (HTCC)
substrate having a multilayer structure of a plurality of
dielectric layers, a component-embedded board, a sub-
strate including a redistribution layer (RDL), a printed cir-
cuit board, or the like, for example.

[0128] On the main surface 90a, there are disposed
an integrated circuit 80, the capacitors C10 to C16, C20,
C30, C40, C51, C52, and C61 to C64, the inductors L51
to L53, the resistor R51, and the resin member 91.
[0129] The integrated circuit 80 includes a PR switch
portion 80a, an SC switch portion 80b, an OS switch por-
tion 80c, and a plurality of bump electrodes 81. The PR
switch portion 80aincludes the switches S61to S63, S71,
and S72. The SC switch portion 80b includes the switch-
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es S11to S14, S21to S24, S31 to S34, and S41 to S44.
The OS switch portion 80c includes the switches S51 to
S54.

[0130] Although the PR switch portion 80a, the SC
switch portion 80b, and the OS switch portion 80c are
included in the single integrated circuit 80 in Fig. 4, the
present invention is not limited thereto. For example, the
PR switch portion 80a and the SC switch portion 80b may
be included in an integrated circuit, and the OS switch
portion 80c may be included in another integrated circuit.
Alternatively, for example, the SC switch portion 80b and
the OS switch portion 80c may be included in an inte-
grated circuit, and the PR switch portion 80a may be in-
cluded in another integrated circuit. Alternatively, the PR
switch portion 80a and the OS switch portion 80c may
be included in an integrated circuit, and the SC switch
portion 80b may be included in another integrated circuit.
Alternatively, for example, the PR switch portion 80a, the
SC switch portion 80b, and the OS switch portion 80c
may be included in three respective integrated circuits.
[0131] InFig. 4, the integrated circuit 80 has a rectan-
gular shape in plan view of the module substrate 90, but
the shape is not limited thereto.

[0132] The integrated circuit 80 is constituted by using,
for example, complementary metal oxide semiconductor
(CMOS), and specifically may be manufactured by a sil-
icon on insulator (SOI) process. The integrated circuit 80
is not limited to CMOS.

[0133] The plurality of bump electrodes 81 are electri-
cally connected to the plurality of electronic components
disposed on the main surface 90a, the plurality of land
electrodes 150 disposed on the main surface 90b, or the
like via the wiring layer, the via-conductors, or the like
formed in the module substrate 90. The plurality of bump
electrodes 81 include bump electrodes 811 to 814.
[0134] The bump electrodes 811 are an example of a
first integrated circuit (IC) terminal and are connected to
the land electrode 150 functioning as the inductor con-
nection terminal 115 (an example of a first external con-
nection terminal). Specifically, as illustrated in Fig. 6, the
bump electrodes 811 are connected to the land electrode
150 via six via-conductors 901b disposed on the main
surface 90a side in the module substrate 90, a wiring line
901a (an example of a first wiring line) disposed in the
wiring layer in the module substrate 90, and six via-con-
ductors 901c disposed on the main surface 90b side in
the module substrate 90. The number of the via-conduc-
tors 901b and the number of the via-conductors 901c are
not limited to six, and may be any number. The number
of the via-conductors 901b and the number of the via-
conductors 902c are not necessarily the same.

[0135] The bump electrodes 812 are an example of a
first IC terminal and are connected to the land electrode
150 functioning as the inductor connection terminal 116
(an example of a first external connection terminal). Spe-
cifically, as illustrated in Fig. 7, the bump electrodes 812
are connected to the land electrode 150 via six via-con-
ductors 902b disposed on the main surface 90a side in
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the module substrate 90, a wiring line 902a (an example
of a first wiring line) disposed in the wiring layer in the
module substrate 90, and six via-conductors 902c dis-
posed on the main surface 90b side in the module sub-
strate 90. The number of the via-conductors 902b and
the number of the via-conductors 902c are not limited to
six, and may be any number. The number of the via-
conductors 902b and the number of the via-conductors
902c are not necessarily the same.

[0136] Thebump electrode 813 is an example ofa sec-
ond IC terminal and is connected to the land electrode
150 functioning as the control terminal 135 (an example
of a second external connection terminal). Specifically,
as illustrated in Fig. 8, the bump electrode 813 is con-
nected to the land electrode 150 via one via-conductor
903b disposed on the main surface 90a side in the mod-
ule substrate 90, a wiring line 903a (an example of a
second wiring line) disposed in the wiring layer in the
module substrate 90, and one via-conductor 903c dis-
posed on the main surface 90b side in the module sub-
strate 90. The number of the via-conductors 903b and
903c is smaller than the number of the via-conductors
901b and 901c and is smaller than the number of the via-
conductors 902b and 902c.

[0137] Thebump electrode 814 is an example of a sec-
ond IC terminal and is connected to the land electrode
150 functioning as the control terminal 136 (an example
of a second external connection terminal). Specifically,
as illustrated in Fig. 9, the bump electrode 814 is con-
nected to the land electrode 150 via one via-conductor
904b disposed on the main surface 90a side in the mod-
ule substrate 90, a wiring line 904a (an example of a
second wiring line) disposed in the wiring layer in the
module substrate 90, and one via-conductor 904c dis-
posed on the main surface 90b side in the module sub-
strate 90. The number of the via-conductors 904b and
904c is smaller than the number of the via-conductors
901b and 901c and is smaller than the number of the via-
conductors 902b and 902c.

[0138] The capacitors C10 to C16, C20, C30, C40,
C51, C52, and C61 to C64 are each mounted as a chip
capacitor. The chip capacitor means a surface mount
device (SMD) constituting a capacitor. The implementa-
tion of the plurality of capacitors is not limited to chip
capacitors. For example, the plurality of capacitors may
be included in an integrated passive device (IPD).
[0139] Theinductors L51 to L53 are each mounted as
a chip inductor. The chip inductor means an SMD con-
stituting an inductor. The implementation of the plurality
of inductors is not limited to chip inductors. For example,
the plurality of inductors may be included in an IPD.
[0140] The resistor R51 is mounted as a chip resistor.
The chip resistor means an SMD constituting a resistor.
The implementation of the resistor R51 is not limited to
a chip resistor. For example, the resistor R51 may be
included in an IPD.

[0141] In this way, the plurality of capacitors, the plu-
rality of inductors, and the resistor disposed on the main
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surface 90a are grouped for the individual circuits and
disposed around the integrated circuit 80.

[0142] Specifically, a group of the capacitors C61 to
C64 included in the pre-regulator circuit 10 is disposed
in aregion on the main surface 90a sandwiched between
a straight line along the left side of the integrated circuit
80 and a straight line along the left side of the module
substrate 90 in plan view of the module substrate 90.
Accordingly, a group of the circuit components included
in the pre-regulator circuit 10 is disposed near the PR
switch portion 80a in the integrated circuit 80.

[0143] Agroup ofthe capacitors C10to C16, C20, C30,
and C40 included in the switched-capacitor circuit 20 is
disposedin aregion on the main surface 90a sandwiched
between a straight line along the upper side of the inte-
grated circuit 80 and a straight line along the upper side
of the module substrate 90, and a region on the main
surface 90a sandwiched between a straight line along
the right side of the integrated circuit 80 and a straight
line along the right side of the module substrate 90, in
plan view of the module substrate 90. Accordingly, a
group of the circuit components included in the switched-
capacitor circuit 20 is disposed near the SC switch portion
80b in the integrated circuit 80.

[0144] A group of the capacitors C51 and C52, the in-
ductors L51 to L53, and the resistor R51 included in the
filter circuit 40 is disposed in aregion on the main surface
90a sandwiched between a straight line along the lower
side of the integrated circuit 80 and a straight line along
the lower side of the module substrate 90 in plan view of
the module substrate 90. Accordingly, a group of the cir-
cuit components included in the switched-capacitor cir-
cuit 20 is disposed near the OS switch portion 80c in the
integrated circuit 80.

[0145] The plurality of land electrodes 150 are dis-
posed on the main surface 90b. The plurality of land elec-
trodes 150 function as a plurality of external connection
terminals including a ground terminal in addition to the
input terminal 110, the output terminal 141, the inductor
connection terminals 115 and 116, and the control ter-
minals 117, 120, 135, and 136 illustrated in Fig. 2. The
plurality of land electrodes 150 are electrically connected
to the plurality of electronic components disposed on the
main surface 90a via the via-conductors or the like formed
in the module substrate 90. The plurality of land elec-
trodes 150 may be, but are not limited to, copper elec-
trodes. For example, the plurality of land electrodes may
be solder electrodes. Instead of the plurality of land elec-
trodes 150, a plurality of bump electrodes or a plurality
of post electrodes may be used as the plurality of external
connection terminals.

[0146] The plurality of land electrodes 150 include land
electrodes 151 to 154. The land electrode 151 is an ex-
ample of a first external connection terminal and func-
tions as the inductor connection terminal 115. The land
electrode 152 is an example of a first external connection
terminal and functions as the inductor connection termi-
nal 116. The land electrode 153 is an example of asecond
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external connection terminal and functions as the control
terminal 135. The land electrode 154 is an example of a
second external connection terminal and functions as the
control terminal 136.

[0147] The resin member 91 covers the main surface
90a and at least a part of the plurality of electronic com-
ponents on the main surface 90a. The resin member 91
has a function of ensuring reliability, such as mechanical
strength and moisture resistance, of the plurality of elec-
tronic components on the main surface 90a. The resin
member 91 does not necessarily have to be included in
the tracker module 100.

[0148] The configuration of the tracker module 100 ac-
cording to the present example is illustrative, and is not
restrictive. For example, one or some of the capacitors
and inductors disposed on the main surface 90a may be
formed in the module substrate 90. In addition, one or
some of the capacitors and inductors disposed on the
main surface 90a do not necessarily have to be included
in the tracker module 100, and do not necessarily have
to be disposed on or in the module substrate 90.

[4. Positional relationship between electrodes and wiring
lines]

[0149] Now, the positional relationship among the plu-
rality of land electrodes 150, the plurality of bump elec-
trodes 81, and the wiring lines 901a to 904a in the module
substrate 90 will be described with reference to Fig. 10
to Fig. 14.

[0150] FIG. 10 is a plan view of the plurality of elec-
trodes and the plurality of wiring lines included in the
tracker module 100 according to the present example.
Fig. 11 is an enlarged plan view of the land electrode
151, the bump electrodes 811, and the wiring line 901a
connecting the land electrode 151 and the bump elec-
trodes 811 included in the tracker module 100 according
to the present example. Fig. 12 is an enlarged plan view
of the land electrode 152, the bump electrodes 812, and
the wiring line 902a connecting the land electrode 152
and the bump electrodes 812 included in the tracker mod-
ule 100 according to the present example. Fig. 13 is an
enlarged plan view of the land electrode 153, the bump
electrode 813, and the wiring line 903a connecting the
land electrode 153 and the bump electrode 813 included
in the tracker module 100 according to the present ex-
ample. Fig. 14 is an enlarged plan view of the land elec-
trode 154, the bump electrode 814, and the wiring line
904a connecting the land electrode 154 and the bump
electrode 814 included in the tracker module 100 accord-
ing to the present example. In Fig. 10, the illustration of
the six land electrodes 150 disposed in a central region
of the module substrate 90 is omitted.

[0151] As illustrated in Fig. 10 and Fig. 11, a distance
D11 is an example of a first distance, and is the distance
between the land electrode 151 functioning as the induc-
tor connection terminal 115 and the two bump electrodes
811 connected to the land electrode 151 via the wiring
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line 901a. The distance D11 is obtained by measuring
the shortest distance between the land electrode 151 and
the two bump electrodes 811. That is, the distance D11
is obtained by measuring the length of the shortest line
segment among a plurality of line segments connecting
certain points on the surface of the land electrode 151
and certain points on the surfaces of the two bump elec-
trodes 811.

[0152] A width W11 is the width of the wiring line 901a
in plan view of the module substrate 90. The width W11
is obtained by measuring the length in a predetermined
direction of the region of the wiring line 901a orthograph-
ically projected on the xy plane. The predetermined di-
rection is defined as a direction perpendicular to a line
segment representing the shortest distance between the
land electrode 151 and the two bump electrodes 811. In
Fig. 11, the line segment representing the shortest dis-
tance between the land electrode 151 and the two bump
electrodes 811 is parallel to the x-axis, and thus the pre-
determined direction is the y-direction.

[0153] Asillustrated in Fig. 10 and Fig. 12, a distance
D12 is an example of a first distance, and is the distance
between the land electrode 152 functioning as the induc-
tor connection terminal 116 and the two bump electrodes
812 connected to the land electrode 152 via the wiring
line 902a. The distance D12 is obtained by measuring
the shortest distance between the land electrode 152 and
the two bump electrodes 812. That is, the distance D12
is obtained by measuring the length of the shortest line
segment among a plurality of line segments connecting
certain points on the surface of the land electrode 152
and certain points on the surfaces of the two bump elec-
trodes 812.

[0154] A width W12 is the width of the wiring line 902a
in plan view of the module substrate 90. The width W12
is obtained by measuring the length in a predetermined
direction of the region of the wiring line 902a orthograph-
ically projected on the xy plane. The predetermined di-
rection is defined as a direction perpendicular to a line
segment representing the shortest distance between the
land electrode 152 and the two bump electrodes 812. In
Fig. 12, the line segment representing the shortest dis-
tance between the land electrode 152 and the two bump
electrodes 812 is parallel to the x-axis, and thus the pre-
determined direction is the y-direction.

[0155] Asillustrated in Fig. 10 and Fig. 13, a distance
D21 is an example of a second distance, and is the dis-
tance between the land electrode 153 functioning as the
control terminal 135 and the bump electrode 813 con-
nected to the land electrode 153 via the wiring line 903a.
The distance D21 is obtained by measuring the shortest
distance between the land electrode 153 and the bump
electrode 813. That is, the distance D21 is obtained by
measuring the length of the shortestline segment among
a plurality of line segments connecting certain points on
the surface of the land electrode 153 and certain points
on the surface of the bump electrode 813.

[0156] A width W21 is the width of the wiring line 903a
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in plan view of the module substrate 90. The width W21
is obtained by measuring the length in a predetermined
direction of the region of the wiring line 903a orthograph-
ically projected on the xy plane. The predetermined di-
rection is defined as a direction perpendicular to a line
segment representing the shortest distance between the
land electrode 153 and the bump electrodes 813. In Fig.
13, the line segment representing the shortest distance
between the land electrode 153 and the bump electrode
813 is parallel to the x-axis, and thus the predetermined
direction is the y-direction.

[0157] As illustrated in Fig. 10 and Fig. 14, a distance
D22 is an example of a second distance, and is the dis-
tance between the land electrode 154 functioning as the
control terminal 136 and the bump electrode 814 con-
nected to the land electrode 154 via the wiring line 904a.
The distance D22 is obtained by measuring the shortest
distance between the land electrode 154 and the bump
electrode 814. That is, the distance D22 is obtained by
measuring the length of the shortest line segment among
a plurality of line segments connecting certain points on
the surface of the land electrode 154 and certain points
on the surface of the bump electrode 814.

[0158] A width W22 is the width of the wiring line 904a
in plan view of the module substrate 90. The width W22
is obtained by measuring the length in a predetermined
direction of the region of the wiring line 904a orthograph-
ically projected on the xy plane. The predetermined di-
rection is defined as a direction perpendicular to a line
segment representing the shortest distance between the
land electrode 154 and the bump electrode 814. In Fig.
14, the line segment representing the shortest distance
between the land electrode 154 and the bump electrode
814 is parallel to the x-axis, and thus the predetermined
direction is the y-direction.

[5. Advantageous effects and the like]

[0159] Asdescribed above, the tracker module 100 ac-
cording to the present example includes the module sub-
strate 90, the integrated circuit 80 disposed on or in the
module substrate 90, and the plurality of land electrodes
150 including the land electrodes 151 and 153. The in-
tegrated circuit 80 includes at least one switch included
in the pre-regulator circuit 10 configured to convert an
input voltage into a first voltage by using the power in-
ductor L71; at least one switch included in the switched-
capacitor circuit 20 configured to generate a plurality of
discrete voltages from the first voltage; atleast one switch
included in the supply modulator 30 configured to selec-
tively output, based on a digital control signal correspond-
ing to an envelope signal, at least one of the plurality of
discrete voltages; the bump electrodes 811 connected
to the land electrode 151; and the bump electrode 813
connected to the land electrode 153. The land electrode
151 is connected to the power inductor L71 that is dis-
posed outside the tracker module 100. The land elec-
trode 153 is an input terminal for the digital control signal.
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The distance D11 between the land electrode 151 and
the bump electrodes 811 is shorter than the distance D21
between the land electrode 153 and the bump electrode
813.

[0160] Fromanotherviewpoint, the tracker module 100
according to the present example includes the module
substrate 90, the integrated circuit 80 disposed on or in
the module substrate 90, and the plurality of land elec-
trodes 150 including the land electrodes 151 and 153.
The integrated circuit 80 includes at least one switch in-
cluded in the pre-regulator circuit 10, at least one switch
included in the switched-capacitor circuit 20, at least one
switch included in the supply modulator 30, the bump
electrodes 811 connected to the land electrode 151, and
the bump electrode 813 connected to the land electrode
153. The switched-capacitor circuit 20 includes the ca-
pacitor C12 having two electrodes, and the capacitor C15
having two electrodes. The at least one switch included
in the switched-capacitor circuit 20 includes the switches
S21 to S24 and S31 to S34. One terminal of the switch
S21 and one terminal of the switch S22 are connected
to one of the two electrodes of the capacitor C12. One
terminal of the switch S32 and one terminal of the switch
S31 are connected to the other of the two electrodes of
the capacitor C12. One terminal of the switch S23 and
one terminal of the switch S24 are connected to one of
the two electrodes of the capacitor C15. One terminal of
the switch S34 and one terminal of the switch S33 are
connected to the other of the two electrodes of the ca-
pacitor C15. The other terminal of the switch S21, the
other terminal of the switch S32, the other terminal of the
switch S23, and the other terminal of the switch S34 are
connected to each other. The other terminal of the switch
S22 is connected to the other terminal of the switch S24.
The other terminal of the switch S31 is connected to the
other terminal of the switch S33. The supply modulator
30 includes the output terminal 130. The at least one
switch included in the supply modulator 30 includes the
switch S53 connected between the output terminal 130
and each of the other terminal of the switch S21, the other
terminal of the switch S32, the other terminal of the switch
S23, and the other terminal of the switch S34; and the
switch S52 connected between the output terminal 130
and each of the other terminal of the switch S22 and the
other terminal of the switch S24. The pre-regulator circuit
10includes the inputterminal 110. The atleast one switch
included in the pre-regulator circuit 10 includes the switch
S71 connected between the input terminal 110 and one
end of the power inductor L71; the switch S72 connected
between the one end of the power inductor L71 and
ground; and the switch S63 connected between the other
end of the power inductor L71 and each of the other ter-
minal of the switch S21, the other terminal of the switch
S32, the other terminal of the switch S23, and the other
terminal of the switch S34. The land electrode 151 is
connected to the power inductor L71 that is disposed
outside the tracker module 100. The land electrode 153
is an input terminal for a digital control signal for the sup-
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ply modulator 30. The distance D11 between the land
electrode 151 and the bump electrodes 811 is shorter
than the distance D21 between the land electrode 153
and the bump electrode 813.

[0161] Accordingly, the distance D11 between the land
electrode 151 connected to the power inductor L71 that
is disposed outside the tracker module 100 and the bump
electrodes 811 of the integrated circuit 80 connected to
the land electrode 151 can be made relatively short. The
minimum length of the wiring line 901a between the land
electrode 151 and the bump electrodes 811 is limited by
the distance D11. Thus, the distance D11 that is relatively
short makes it possible to make the length of the wiring
line 901a between the land electrode 151 and the bump
electrodes 811 relatively short. As aresult, the resistance
loss in the wiring line between the land electrode 151 and
the bump electrodes 811 can be reduced. In particular,
a relatively large current flows through the wiring line
901a between the land electrode 151 connected to the
power inductor L71 and the bump electrodes 811, and
thus the effect of reducing the resistance loss is large.
On the other hand, the distance D21 between the land
electrode 153 to which a digital control signal is transmit-
ted and the bump electrode 813 of the integrated circuit
80 connected to the land electrode 153 is relatively long.
However, only a relatively small current flows through
the wiring line 903a between the land electrode 153 to
which a digital control signal is transmitted and the bump
electrode 813, and thus an influence of the increase in
the wiring length on the resistance loss is small. Thus,
the tracker module 100 is capable of reducing deteriora-
tion of characteristics related to the connection between
the integrated circuit 80 in the tracker module 100 and
the power inductor L71 that is disposed outside the track-
er module 100.

[0162] Forexample, inthe tracker module 100 accord-
ing to the present example, in plan view of the module
substrate 90, the width W11 of the wiring line 901a con-
necting the land electrode 151 and the bump electrodes
811 may be larger than the width W21 of the wiring line
903a connecting the land electrode 153 and the bump
electrode 813.

[0163] Accordingly, the resistance loss in the wiring
line between the land electrode 151 and the bump elec-
trodes 811 can be further reduced.

[0164] Forexample, inthe tracker module 100 accord-
ing to the present example, the digital control signal may
include a plurality of DCL signals indicating one of the
plurality of second voltages. The plurality of land elec-
trodes 150 may include the land electrodes 153 and 154
each being provided for a corresponding one of the plu-
rality of DCL signals. The integrated circuit 80 may in-
clude the bump electrodes 813 and 814 connected to the
land electrodes 153 and 154, respectively.

[0165] Accordingly, a plurality of DCL signals are used
as a digital control signal. The DCL signal does not re-
quire a clock signal, and thus the wiring line 903a for
transmitting the DCL signal is less likely to generate
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noise. Thus, itis possible to reduce an influence of noise
caused by a relatively large length of the wiring line 903a.
[0166] Forexample, inthe tracker module 100 accord-
ing to the present example, the distance D11 may be
shorter than each of the distance D21 between the land
electrode 153 and the bump electrode 813 connected to
each other and the distance D22 between the land elec-
trode 154 and the bump electrode 814 connected to each
other.

[0167] Accordingly, the distance D11 is shorter than
each of the distances D21 and D22 between electrodes
that transmit a plurality of DCL signals, and thus the dis-
tance D11 can be made shorter than the length of the
wiring line 901a between the land electrode 151 and the
bump electrodes 811.

[0168] Forexample, inthe tracker module 100 accord-
ing to the present example, the plurality of land electrodes
150 may include the two land electrodes 151 and 152
respectively connected to one end and the other end of
the power inductor L71. The integrated circuit 80 may
include the two bump electrodes 811 and the two bump
electrodes 812 respectively connected to the two land
electrodes 151 and 152. Each of the distance D11 be-
tween the land electrode 151 and the bump electrodes
811 connected to each other and the distance D12 be-
tween the land electrode 152 and the bump electrodes
812 connected to each other may be shorter than the
distance D21.

[0169] Accordingly, in addition to the wiring line 901a,
the wiring line 902a between the land electrode 152 con-
nected to the power inductor L71 and the bump elec-
trodes 812 can be made relatively short, and thus the
resistance loss can be further reduced.

[0170] Forexample, in the tracker module 100 accord-
ing to the present example, the integrated circuit 80 may
be a single integrated circuit.

[0171] Accordingly, the switches included in the pre-
regulator circuit 10, the switched-capacitor circuit 20, and
the supply modulator 30 can be integrated in the single
integrated circuit 80, which can contribute to miniaturiza-
tion of the tracker module 100.

(Other embodiments)

[0172] The tracker module according to the present
invention has been described above based on an em-
bodimentand an example. The tracker module according
to the present invention is not limited to the above em-
bodiment and the above example. Another embodiment
and another example implemented by combining any
constituent elements in the above embodiment and the
above example, modifications obtained by applying var-
ious changes conceived by those skilled in the art to the
above embodiment and the above example without de-
parting from the gist of the presentinvention, and various
devices including the above-described tracker module
are also included in the present invention.

[0173] For example, in the circuit configurations of the
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various circuits according to the above embodiment, an-
other circuit element, wiring line, and the like may be
inserted between individual circuit elements and paths
connecting signal paths disclosed in the drawings. For
example, animpedance matching circuitmay be inserted
between the PA 2 and the filter 3 and/or between the filter
3 and the antenna 6.

Industrial Applicability

[0174] The presentinvention can be widely used, as a
tracker module for supplying a power supply voltage to
a power amplifier, in communication devices such as mo-
bile phones. Reference Signs List

[0175]

1 power supply circuit

2 power amplifier

3 filter

4 PA control circuit

5 RFIC

6 antenna

7 communication device

10 pre-regulator circuit

20 switched-capacitor circuit

30 supply modulator

40 filter circuit

50 DC power source

80 integrated circuit

80a PR switch portion

80b SC switch portion

80c OS switch portion

81, 811, 812, 813, 814 bump electrode

90 module substrate

90a, 90b main surface

91 resin member

100 tracker module

110, 131, 132, 133, 134, 140 input terminal
111, 112, 113, 114, 130, 141 output terminal
115, 116 inductor connection terminal

117, 120, 135, 136 control terminal

150, 151, 152, 153, 154 land electrode
901a, 902a, 903a, 904a wiring line

901b, 902b, 903b, 904b, 901c, 902c, 903c, 904 via-
conductor
C10,C11,C12,C13,C14,C15,C16,C20,C30, C40,
C51, C52, C61, C62, C63, C64 capacitor
D11, D12, D21, D22 distance

L51, L52, L53 inductor

L71 power inductor

N1, N2, N3, N4 node

R51 resistor

S11,812, 813, S14, S21, S22, S23, S24, S31, S32,
S33,S34, 841, S42, S43, S44, S51, S52, S53, S54,
S61, S62, S63, S71, S72 switch

V1, V2, V3, V4 voltage

W11, W12, W21, W22 width

10

15

20

25

30

35

40

45

50

55

16

Claims

1.

A tracker module comprising:

a module substrate;

at least one integrated circuit disposed on or in
the module substrate; and

a plurality of external connection terminals in-
cluding a first external connection terminal and
a second external connection terminal, wherein
the at least one integrated circuit includes:

at least one switch included in a pre-regu-
lator circuit configured to convert an input
voltage into a first voltage by using a power
inductor;

at least one switch included in a switched-
capacitor circuit configured to generate a
plurality of discrete voltages from the first
voltage;

atleastone switchincludedin a supply mod-
ulator configured to selectively output,
based on a digital control signal corre-
sponding to an envelope signal, atleastone
of the plurality of discrete voltages;

a first integrated circuit terminal connected
to the first external connection terminal; and
a second integrated circuit terminal con-
nected to the second external connection
terminal,

the first external connection terminal is connect-
ed to the power inductor that is disposed outside
the tracker module,

the second external connection terminal is an
input terminal for the digital control signal, and
a first distance between the first external con-
nection terminal and the first integrated circuit
terminal is shorter than a second distance be-
tween the second external connection terminal
and the second integrated circuit terminal.

The tracker module according to Claim 1, wherein
in plan view of the module substrate, a width of a
first wiring line connecting the first external connec-
tion terminal and the first integrated circuit terminal
is larger than a width of a second wiring line con-
necting the second external connection terminal and
the second integrated circuit terminal.

The tracker module according to Claim 1 or 2, where-
in

the digital control signal includes a plurality of
digitally controlled level signals indicating one
of the plurality of second voltages,

the plurality of external connection terminals in-
clude a plurality of second external connection
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terminals each being provided for a correspond-
ing one of the plurality of digitally controlled level
signals, and

the at least one integrated circuit includes a plu-
rality of second integrated circuit terminals each
being connected to a corresponding one of the
plurality of second external connection termi-
nals.

The tracker module according to Claim 3, wherein
the first distance is shorter than any of a plurality of
second distances between the plurality of second
external connection terminals and the plurality of
second integrated circuit terminals connected to
each other.

The tracker module according to Claim 1 or 2, where-
in

the plurality of external connection terminals in-
clude two first external connection terminals re-
spectively connected to one end and an other
end of the power inductor,

the at least one integrated circuit includes two
firstintegrated circuitterminals respectively con-
nected to the two first external connection ter-
minals, and

each of two first distances between the two first
external connection terminals and the two first
integrated circuit terminals connected to each
other is shorter than the second distance.

The tracker module according to any one of Claims
1 to 5, wherein

the atleast one integrated circuit is a single integrat-
ed circuit.

A tracker module comprising:

a module substrate;

at least one integrated circuit disposed on or in
the module substrate; and

a plurality of external connection terminals in-
cluding a first external connection terminal and
a second external connection terminal, wherein
the at least one integrated circuit includes:

at least one switch included in a pre-regu-
lator circuit;

at least one switch included in a switched-
capacitor circuit;

atleastone switchincludedin a supply mod-
ulator;

a first integrated circuit terminal connected
to the first external connection terminal; and
a second integrated circuit terminal con-
nected to the second external connection
terminal,
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32
the switched-capacitor circuit includes:

a first capacitor having a first electrode and
a second electrode; and

a second capacitor having a third electrode
and a fourth electrode,

the at least one switch included in the switched-
capacitor circuitincludes afirst switch, a second
switch, a third switch, a fourth switch, a fifth
switch, a sixth switch, a seventh switch, and an
eighth switch,

one terminal of the first switch and one terminal
of the third switch are connected to the first elec-
trode,

one terminal of the second switch and one ter-
minal of the fourth switch are connected to the
second electrode,

one terminal of the fifth switch and one terminal
of the seventh switch are connected to the third
electrode,

one terminal of the sixth switch and one terminal
of the eighth switch are connected to the fourth
electrode,

an other terminal of the first switch, an other ter-
minal of the second switch, an other terminal of
the fifth switch, and an other terminal of the sixth
switch are connected to each other,

an other terminal of the third switch is connected
to an other terminal of the seventh switch,

an other terminal of the fourth switch is connect-
ed to an other terminal of the eighth switch,
the supply modulator includes an output termi-
nal,

the at least one switch included in the supply
modulator includes:

a ninth switch connected between the out-
put terminal and each of the other terminal
of the first switch, the other terminal of the
second switch, the other terminal of the fifth
switch, and the other terminal of the sixth
switch; and

a tenth switch connected between the out-
put terminal and each of the other terminal
of the third switch and the other terminal of
the seventh switch,

the pre-regulator circuit includes an input termi-
nal,

the at least one switch included in the pre-reg-
ulator circuit includes:

an eleventh switch connected between the
input terminal and one end of a power in-
ductor; and

a twelfth switch connected between the one
end of the power inductor and ground,



10.

1.

33 EP 4 412 081 A1 34

an other end of the power inductor is connected
to the other terminal of the first switch, the other
terminal of the second switch, the other terminal
of the fifth switch, and the other terminal of the
sixth switch,

the first external connection terminal is connect-
ed to the power inductor that is disposed outside
the tracker module,

the second external connection terminal is an
input terminal for a digital control signal for the
supply modulator, and

a first distance between the first external con-
nection terminal and the first integrated circuit
terminal is shorter than a second distance be-
tween the second external connection terminal
and the second integrated circuit terminal.

The tracker module according to Claim 7, wherein
in plan view of the module substrate, a width of a
first wiring line connecting the first external connec-
tion terminal and the first integrated circuit terminal
is larger than a width of a second wiring line con-
necting the second external connection terminal and
the second integrated circuit terminal.

The tracker module according to Claim 7 or 8, where-
in

the digital control signal includes a plurality of
digitally controlled level signals indicating one
of a plurality of discrete voltage levels,

the plurality of external connection terminals in-
clude a plurality of second external connection
terminals each being provided for a correspond-
ing one of the plurality of digitally controlled level
signals, and

the at least one integrated circuit includes a plu-
rality of second integrated circuit terminals each
being connected to a corresponding one of the
plurality of second external connection termi-
nals.

The tracker module according to Claim 9, wherein
the first distance is shorter than any of a plurality of
second distances between the plurality of second
external connection terminals and the plurality of
second integrated circuit terminals connected to
each other.

The tracker module according to Claim 7 or 8, where-
in

the plurality of external connection terminals in-
clude two first external connection terminals re-
spectively connected to the one end and the oth-
er end of the power inductor,

the at least one integrated circuit includes two
firstintegrated circuitterminals respectively con-

10

15

20

25

30

35

40

45

50

55

18

nected to the two first external connection ter-
minals, and

each of two first distances between the two first
external connection terminals and the two first
integrated circuit terminals connected to each
other is shorter than the second distance.

12. The tracker module according to any one of Claims

7 to 11, wherein
the at least one integrated circuit is a single integrat-
ed circuit.
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